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Cycles and Symptoms 
Salmoneliosis is one of the major food-borne illnesses affecting man 
today. Caused by microorganisms called salmonellae which, when ingested, 
live and grow in the intestinal tract, this disease spreads easily, passing in 
a continuous infecting cycle from animal to man, man to man, man to 
animal. Salmonellae can be picked up at any time during the various stages 
of production, processing, storage, or preparation of foods for human or 
animal consumption. Foods andfor beverages so contaminated are pri-
mary agents of disease transmission; infected persons or animals are 
secondary ones, transferring bacteria to one another under unsanitary en-
vironmental conditions or through improper personal hygiene. 
Attacking humans anywhere from 8 to 72 hours after the ingestion 
of contaminated food or beverage, salmonellosis is characterized by an 
abrupt onset of diarrhea, nausea, abdominal pain, prostration, chills, fever, 
and vomiting. Symptom intensity varies from slight to severe discomfort 
and, in extreme cases, can result in death. Outbreaks of salmonellosis may 
involve a great many people, but the mortality rate is low (less than 1 per-
cent) and is generally confined to infants, older people, and those suffering 
from other diseases. 
Resurgence of an Old Disease 
Over 1,200 different species of the genus Salmonella have been iso-
lated from man and animal, many of which cause salmonellosis in man. 
'!'his is not a new disease: the first species of Salmonella was isolated in 
l8tl5 by Dr. D. E. Salmon (for whom it was named), then Chief of the 
Bureau of Animal Industry of the U.S. Department of Agriculture, and 
medical reports of that clay indicate that this vvas a common disease prob-
lem. 
But in the past two clccaclcs the incidence of salmonellosis has in-
creased dramatically-particularly when contrasted with typhoid fever 
which is caused by another species of Salmonella. In 1950 there were 2,484 
reported cases of typhoid fever and 1,2 3 3 cases of salmonellosis; in 1966 
only 657 cases of typhoid fever were reported in comparison to 20,058 cases 
of salmonellosis. 
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vVhy this startling increase in salmonellosis during the past 16 years? 
Improved methods of detection and identificatiQn of bacterial pres-
ence in man and animal (they are very small and difficult to isolate 
in an environment) and more efficient reporting of cases to the proper 
authorities have made us more avvare of its incidence. Contemporary eating 
habits and bulk preparation and mass distribution of human and animal 
foods on the national and international level help spread any contamina-
tion with great efficiency. 
VIe are eating out a great deal more than ever before, subjecting om-
selves to the possibility of tinsanitary food preparation in quantity cooking, 
while at home premixed, ready-cooked, improperly processed convenience 
type foods can be an easy source of infection. Then, national geographic 
areas which grow, process, and distribute foods for both animal and human 
consumption are more centralized today, contributing to a buildup of 
salmonellae in livestock and poultry as animals pass from farm to processing 
plant to food distributor to consumer. 
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Factors Causing Illness Vary 
i\ series of feeding experiments carried out on healthy male human 
<lcluH volunteer prisoners indicated that the number of organisms caus-
ing illness varied greatly with the kind of Salmonella and the susceptibility 
of the individual ( 8) .1 ('1'hc administered infecting close varied from 
12.5,000 to 16,000,000 microorganisms.) Other factors such as type of food, 
time from contamination to ingestion, and food storage conditions also 
affect the severity of the illness. 
But the mere presence of salmonellae in food, regardless of number, 
is ca usc for alarm. 
Foods Frequently Contaminated 
Foods for human consumption most commonly contaminated vvith 
salmonellae include: 
1. Poultry, meat, and meat products such as meat pies, pressed beef, 
sausages, cold cooked meats, reheated meats, gravies 
2.. Eggs (including duck and turkey eggs) and egg products such as 
dried egg powder, egg albumen, frozen egg, synthetic cream often 
prepared from frozen egg 
3. IZa,v n1ilk and ra\v n1ilk products such as ice crean1, crean1, custard, 
cream-filled confcctionaries, salad creams 
-+. Fish, prepared fish dishes, and shellfish, especially oysters obtained 
from uncontrolled beds 
Salmonellae usually do not affect the appearance, smell, or taste of 
the food within which they grow. The most vulnerable foods are those 
which arc subjected to excessive handling or processing and those which 
-arc lightly cooked or utilized without any further cooking. Once any food-
stuff is contaminated, conditions may develop enabling bacteria to grow, 
and under some conditions they grow and reach numbers sufficient to 
cause illness in a relatively short period of time. 
Reference material: 
(Salmonellae may also be found in many types of animal feeds. V/hcn 
an infected animal is slaughtered, it contaminates the packing plant and 
any employees who have contact with it or the slaughter area. Slaughter-
house scraps arc then used as supplements in animal feed: if improperly 
processed, these scraps containing bacteria simply recontaminate feed and 
subsequently other animals.) 
' Nundwrs in parentheses refer to bibliography on page 14. 
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A Possible Infection Cycle 
A farmer whose flock of laying hens is subclinically infected with sal-
monellae gathers his eggs. He picks up the disease-causing bacteria on his 
hands and clothes from the contaminated eggshells. Without washing his 
hands or changing his clothes, he milks his cows, infecting both the milk 
and milking equipment. The compressor on his bulk tank has not been 
working properly, and the milk is only cooled to about 80o F. Growth 
of salmonellae occurs before the milk is picked up, and by the time it 
arrives at the creamery, large numbers of the bacteria are present. The 
milk is separated and the cream pasteurized and churned to butter. The 
skim milk, however, is not pasteurized, and before it can be processed, 
it spoils and cannot be utilized. 
The creamery manager sells the contaminated skim milk to another 
farmer who uses it to feed his pigs. Now infected, the pigs shed large 
numbers of salmonellae in their feces which the fanner picks up on his 
boots and clothes while doing chores. Again, without washing his hands 
or changing his clothes, he delivers chickens to the local poultry processing 
plant. Walking through the processing area, he leaves salmonellae wher-
ever he goes. A knife drops to the floor in the wake of his contaminated 
footsteps: a worker picks it up and continues to dress birds. 
Several of these contaminated dressed birds are sold to a local house-
wife who puts them away in her home freezer. She decides to prepare 
fried chicken and potato salad for an upcoming church picnic. Thawing 
the chickens out on a cutting board overnight, she fries them while pre-
paring her salad. Cutting up the cooled, boiled potatoes on the same board 
used to thaw the chickens, she mixes the salad ingredients, then carries her 
food contributions off to the church picnic. 
Many outbreaks of salmonellosis occur in the warm summer months 
when food is left at room temperatures for long periods of time. The 
picnic food waits on a table under a tree for several hours. Eight to 72 
hours after the meal is consumed, a large number of people become ill 
with salmonellosis, among them the two farmers responsible for initia11y 
spreading the infection. Although ill, they continue to do daily farm chores, 
shedding salmonellae, recontaminating equipment and animals, thereby 
completing one and recreating another cycle. 
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Breaking the Cycle 
I 1 ow could this outbreak of salmonellosis have been prevented? What 
proper control measures could have been established at any given point 
to break this cycle of infection? 
Diseases spread easily from one farm area to another; proper sanitation 
practices can go a long way towards cutting clown on disease incidence of 
all kinds. rl 'he farmer who gathered contaminated eggs should have prop-
crl:· washed his hands and changed his clothes before milking his cows. 
Tic should also ha,·c made sure that his refrigeration equipment for cooling 
raw milk was working properly by checking the temperature of the milk 
in hulk t<mk or can after milking. 
The creamery should ha\"C pasteurized the skim milk before or imme-
diatcl:-· after separation in order to prevent contamination of equipment. 
Not onlv would this have clcstrO\·cd the salmonellae, but it would also have 
lengthCJiccl the keeping quality. of the milk and enabled the creamery to 
utilize it rather than hm·ing to sell it at a loss to another farmer. 
The farmer ,,·ho carried pig manure on his boots and clothing into 
the chicken processing plant should also ha\·c washed his hands and 
changed his clothing before taking his birds to market. (A common source 
of contamination is contact ,,·ith bodv \vastcs, feces or urine, from an in-
fected animal or man.) This fanner sliould not have been allowed to wan-
der frccl~· about the plant: uimcccssar~· traffic around a proccssmg area 
should he kept to a minimum ]),· plant authorities. 
\\'hat could the housewife have done? It's alwavs best to defrost 
chickens umler cold water or in the refrigerator to prc,;cnt the growth of 
salmonellae, if present. Cooking destroyed these bacteria in the chicken, 
but the contaminated cuttiug board could ha\"C been properly cleaned with 
hot water, soap, am! a good scrub brush to have at least reduced the pos-
sihilih" of contamination. i\ separate, clean cutting board should have been 
used for cutting up the potat·ocs. Refrigeration of the potato salad until 
consumed would ha\"C retarded the growth of salmonellae and rcclucccl the 
incidence of illness. l•'inally, the two farmers should not have been doing 
claih· chores ,,·hilc sick. 
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Documented Outbreaks 
Documented outbreaks of food contamination by salmonellae point 
up how simply and easily the disease is spread. In each of the following 
outbreaks the source was different, but the infecting organism passed from 
animal to food to man, then from man to man. 
A U.S. naval bacteriologist writing in the August 196 3 issue of the 
American Journal of Public Health describes how work surface areas con-
taminated with salmonellae can play an important role in the spread of 
salmonellosis. In preparation for a 1962 Thanksgiving holiday meal aboard 
ship, frozen turkeys vvere thawed out on a table in the ship's gal1cy, while 
roast pork was being sliced on an adjacent cutting board. Liquid from the 
thawing turkeys contaminated both the cutting board and the sliced pork. 
The turkey was, however, cooked, and the salmonellae in it destroyed: 
but the contaminated pork became the causative food in an outbreak of 
salmonellosis. Then, leftover turkey made into sandwiches on the im-
properly cleaned cutting board occasioned a second outbreak several clays 
later. While investigating these outbreaks, one of the officials also bcc1mc 
ill with salmonellosis. After examining the contaminated cutting board, he 
smoked a cig~uette, transferring sufficient salmonellae from the board to 
his mouth to induce illness ( 10). 
These outbreaks could have been avoided if care had been taken in 
thawing the frozen turkeys, if the pork had not been sliced on the same 
table with them, and if the cutting board had been properly clcanccl 
before making the turkey sandwiches. 
An epidemic outbreak of salmonellosis t·hat lasted 6 months in \Vales, 
Engbnd was reported ii1 1963, the probable vehicle of transmission fresh 
meat ( 6). Salmonella typhimurium was isolated from 14 floor drains Ill 
a slaughterhouse, from 6 hum<111S, from livestock on 3 surrounding fanns, 
from 13 local butcher shops, and 2 bakehouses. 
(nfcctcd eggs used in the preparation of rice pudding were the prob-
able cause of an outbreak of salmonellosis involving 423 people in 1946 
( 3). After the rice and raisins had been cooked, the eggs were added and 
the pudding kept warm until consumed. If the pudding had been thor-
oughly cooked after adding the eggs and if it had been cooled and kept 
cold until consumed, this outbreak could have been prevented. 
An interstate outbreak of salmonellosis involving 53 hospitals in 13 
states in 196 3-64 was traced to contaminated raw or undercooked eggs 
as a common source of infection. In each of these hospitals Salmonella 
derby was isolated from patients, staff, and employees. The primary infec-
tion (contaminated raw or undercooked eggs) led to secondary infections 
transferred by human carriers to newly admitted patients through improper 
personal sanitary habits and the consequent handling of foodstuffs ( 11). 
The outbreak was controlled by no longer using raw or undercooked eggs 
in meal preparation. 
Increased Awareness 
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1\ recent interstate outbreak of salmonellosis in which the causative 
organism was isolated, tracked clown to its source, with control measures 
instituted to prevent further epidemic spread, illustrates how increased 
awareness of the disease and greater diligence in reporting outbreaks is help-
ing to combat the problem. 
As part of its routine procedure, the Communicable Disease Center 
in Atlanta, Georgia, a division of the Public Health Service, U.S. Depart-
ment of Health, Education, and \V elfare, maintains records of country-
wide salmonellosis outbreaks, receiving isolations of specific types of Sal-
monella from state laboratories. In 1965 and 1966 an outbreak of 29 cases 
of salmonellosis attributed to Salmonella new-brunswick was recognized. 
Review of available information indicated that about a six-fold increase 
in human isolations of this previously rare organism had occurred during 
1965, with isolations randomly distributed throughout the states. Investiga-
tion suggested t-lwt instant nonf;Jt dry milk, a commercial product not pre-
viously implicated in salmonellosis, was the common infection vehicle. Con-
tamination of dry milk by this species of Salmonella was confirmed by 
isolation of the organism from shelf samples of a specific brand of instant 
nonfat dry milk (2). 'Then several government and private laboratories 
isolated several species of Salmollella (including S. new-brunswick) from 
many different brands of dried milk as well as from environments within 
and ·close to milk drying plants. In some cases, these findings prompted 
market recall of large quantities of nonfat dry milk, a necessary precaution 
in aiding the control and prevention of further salmonellosis outbreaks. 
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Preventing Contamination 
Prevention of salmonellosis can only he achieved when the causative 
microorganism is eliminated. The follo~ving general practices should he 
observed in handling food to prevent the contamination of human and 
animal foods with salmonellae. 
Good Sanitation Practices 
Those preparing foods either at home or 111 a food proccssmg plant 
should observe good sanitation practices in order to minimize opportnni-
tics for contamination. All buildings· and equipment used for processing 
food should be designed so that thorough cleaning is easy and practical. 
Processing plant personnel should be encouraged to practice sound per-
sonal hygiene and to report any illness. Every effort should be made to 
prevent carriers from handling and thereby "seeding" food. 
Those handling prepared foods should: 
I. Always work with clean hands, washing them thoroughly after 
going to the toilet and after handling raw foods 
7 Kitchen equipment should be well scrubbed to prevent cross-con-
tamination between ra\\· and cooked foods 
3. Never work around food when sick 
4. Keep hands away from mouth, nose, hair 
5. Cover coughs and sneezes with tissues 
6. Don't usc cooking utensils to taste food vvhilc cooking or serving; 
don't lick fingers or cat while preparing food 
Low Temperature Storage 
\r\Thile storing foods at low temperatures by either freezing or refrig-
eration is effective in preventing the growth of salmonellae, this will uot 
destroy the organisms. Once the food is placed in a more favorable tclll-
pcmturc, growth recurs. Prepared foods not to be consumed immediately 
such as our church picnic potato salad should he refrigerated as quickly <IS 
possible so that the center of the food reaches 500 F. within a short tilllc. 
Cold weather will not destroy salmonellae present in and around a 
farm or home. Freezing only protects and preserves the bacteria: when 
warm weather returns, they may be as daugcrous as when first shccl. 
Adequate Coo king 
Tl ca t des troys salmonellae. i\1fil k pastcmizati on is more than adeq uate 
for th e des truction of th c~c b<lcteria ( 145° F. for 30 minutes or 161 o F . 
for 16 seconds). But rega rdless of what tcmpcratmc the food is hea ted to , 
recontam ina ti on of the food after the hea t treatmen t often occurs. 
i ncubation Da nger Zone 
Holding foods at temperatures that encourage the growth of sa lmo-
nellae sl1 ould be a\'o iclcd. \ Vhcn foods arc exposed to tem peratures be-
tween 50 1•'. and ll Oo 1•'. holding time should be kept to a mini mum (sec 
food temperature guide). ,\]] food s >hou lcl be refrigerated promptly after 
~1 meal or cook ing and >hould be held at 40 F. or below. 
( Poultry dress ings, and\\·ich fillings with meat, fi sh, or egg, and po-
tato sa lad should not be allo\\'ccl to stay at temperatures between 40 F . 
and 120o V Never stuff birds the night before cooking and never partially 
cook a stuffed bird . Do not usc dirty, cracked, or soiled eggs in raw or 
slightl y cooked egg dishes such as eggnog, sa uces, or meringues. Cook dried 
egg products thoroughly and u c only pa tcurized milk and milk products 
for cooking or eli rcct consumpt ion. 
Food Temperature Guide 
To serve hot foods, store while serving 
above H Oo F. (soups, gravies, meats, ct .) 
Refr iocra lc prcpmccl foods t·o 
prevent ba (·erial gro\\'t h and food 
spoih1gc 
200 
L-------------------------~ 0 
St·orc frozen foods at this tempera ture 
or below. 'J'I ww ra pid ly or cook fro m 
froi'.cn condition when ready t·o usc 
Some sa lmonellae growth may occur 
Ordinary room temperatures may fal l 
in this ranoc. Do not store prepared 
foo 1 at room tcm p ra turc 
Some s;llmoncllac gro\\' th may occur 
rl 'o serve prepared cold el i. he ' keep 
on icc \\'h ilc sen ·in o (potato saheL 
chicken sa la l, etc. ) 
ll 
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It Can Be Done 
The elimination of salmonellosis will require the full cooperation and 
concentrated effort of farmers, food processors (management and em-
ployees), consumers, regulatory agencies, physicians, and veterinarians. 
Here are a few things that each of us can do to help check the spread of 
this disease: 
The Housewife can: 
The Farmer can: 
• Maintain disease-free animals 
• Practice sound sanitation procedures around the farm, particularly 
vvhen salmonellae arc a recognized problem 
• Usc only feeds tested and found free of salmonellae 
• Prevent contamination of animals or food commodities before or 
during transfer from farm to market 
The Food Processor and Distributor can: 
• Utilize wholesome food products 
• lVIaintain quality production from raw material to finished product 
• lVJaintain a sanitary environment throughout the processing plant 
• Employ technically competent personnel as supervisors 
• Educate employees to observe and follow -proper personal hygiene 
practices .: ·· 
• Keep nonessential traffic in a food ptoccssiqg area to a minimum 
• Have effective rodent and insect control 
• Emphasize family health practices, particularly hand washing 
• Use proper methods in storing, preparing, and serving food 
T'he Private Physician can: 
• Seek laboratory confirmation of suspected salmonellosis in humans 
• Report all infections of salmonellae to the proper health authorities 
• Inform patients of necessary precautions to prevent the spread of 
salmonellae 
The Veterinarian can: 
• Seek laboratory confirmation of suspected salmonellosis in animals 
• Report all cases to the proper animal disease authorities 
• Conduct inspections of slaughterhouses, poultry processing plants, 
and other food processing establishments 
• Inform food processing plant employees of proper sanitation prac-
tices 
• Help farmers maintain disease-free animals and clean environments 
in which to raise them 
T'hc Public Health Official can: 
• Keep local physicians informed of suspected outbreaks of salmo-
nellosis 
• l''ollow up reported cases and investigate reported outbreaks of sal-
monellosis 
• Take special care to obtain proper specimens for laboratory exam-
ination 
• Impress upon food processors the need for proper sanitation control 
• Create public awareness of salmonellosis 
• Promote prevention and control measures 
The Laboratory Scientist can: 
• Adopt standardized methods for isolating salmonellae 
• Be aware of new, improved techniques for their isolation 
• l\lakc ccrt,Jin a 11 isolations of salmonellae are scrotyped and re-
ported to the proper authorities 
• llamllc cultures of salmonellae with proper precaution to prevent 
the spread of organisms from the laboratory 
• Maintain a close liaison with clinicians and epidemiologists 
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